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ABSTRACT : PROBLEM TO BE SOLVED: To produce a high tensile strength steel plate for working 
having high toughness and <200 GPa Young's modulus, furthermore having >380 MPa 
yield stress after press forming and >30 MPa BH quantity and to provide a method for 
producing it. 

SOLUTION: A steel stock contg. 0.03 to 0.20% C, 0.005 to 1 .5% Si, 0.05 to 3.5% Mn, 
0.005 to 0.1 5% P, 0,005 to 0.2% Al and <Q.020% N, furthermore contg. one or > two 
kinds selected from Nb, Ti and V, one or > two kinds selected from Cu, Ni, Cr and Mo and 
B according to necessary is subjected to hot rolling in such a manner that the draft in a 
temp, range of the Ar 3 transformation point to {the Ar 3 transformation point -100°C) is 
regulated to >50%, the draft in the final pass is regulated to <1 5%, the finish roiling temp, 
is regulated to (the Ar 3 transformation point -100°C) or above, and the coiling temp, is 
regulated to <600°C to form its structure into the one contg. ferrite as the base phase 
and contg. >5% martensite as the secondary phase. 
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itmrni] 7x5^ hft&tfflti, m-zmt ix 

( 1 ) ^T-jE§S£ix£EA*2O0GPaOTT-& 1 9, /VX(£ 

ft) aWOMPa JSLhTftiifctWftfc^iS^lttftWfc 
C : 0.03-0.20%. 
Mn : 0.05—3.5 %. 
S : 

n : 0.020 xtiT***. mspe&xv**m&Fvm 

*£*U *»oTS& ( 1 ) ^T'l£*$fLSE^200GPa]il 
"FT* 9, Tl^XEi!t5f^>^je^^380MPay.±, mm 

ffiftmitm. (BHD **30MPa jy±-c*« <i t zmmb 
m 

E= (E 0 +2E, 5 +E S0 ) ,/4 ( 1 ) 

[ If * IS 3 ] fflfEffljjttdBl X. X . $ 6 fc*M%f , N 
C : 0.03—0.20%. 
Mn : 0.05—3.5 %, 
S : 0.02%fel,T, 

n : o.02o %i:iT^^-thmf&^mmmz^ Ar 3 m* 

j£- (Ar 3 «^-100 °C) ^fflSEffiHtCfeftSffiTSts 
WfflCil*^ (ArsSSBriC-lOO °C) KLtb U 

C : 0.03—0.20%. 
.Mn : 0.05—3.5 %. 

S : 0.02%.tlT. 
N : 0.020 96J&T&-a*-r*Hj£«**»fc, Ar 3 fi 

^— < Ar 8 ^iB>s-ioo "O coaaoKifciiitftffiT* 
ifsmmmtf (Ar a 38R£-ioo -o «±tL. %Ra 

[0001] 
[0002] 

x<7>m&,£M.ffl~t&m*tfm?tb%'>xt3*) , 

HiftK J; 5«SS8»jti*i£@ SiiT^S . g RUSSIA 



IS 

E= (E 0 +2E 1S + E„ ) /4 ( 1 ) 

fc*£U E 0 , e 46 , Egoli^ti-eftJESEfri*], ffSE^ 
t*]t:45^ . fflftfrmtcgo* ^fa^-y^ (cp a ) . 

Si : 0.005 —1.5 %. 

P : 0.005 —0.15%. 

A3 : 0.005 —0.2 %. 

b. Ti . Y<7) -3 ibfrhW&ihiz 1 &± fzii 2 WeLktS 
ltT-0.005 -0.20%. ifciiCu. Ni. Cr. MoOd 
mt£ilfzim£fz&2Ml:Ui*:-£iiX0.005 -1.0 %. 
fcSVMiNb. Ti. V(?)d-hfrt>m£i\tzlW.&tzl±2m. 
lUiiSr^-ftT'0.005 -0.20%*>J:^Cu. Ni. Cr. Mo<7)3 
fe£>&iH(f l ffli fctt 2*J2Lh*-6f|-T0. 005 -1 . 

[ii*jg4] mmmzmtx . s^^fi*%T-. 

B : 0.0005-0.005 %^#^1"S £ fc £f#il>: -$-41** 

[!i:£lfl5j Si%T\ 
Si : 0.005 —1.5 %. 
P : 0.005 -0.15%. 
Al : 0.005 -0.2 %. 

s#'6oo -cot t -r § tmsm& mtz t zmmb 

Si : 0.005 -1.5 %. 
P : 0.005 —0.15%. 
Al : 0.005 —0.2 %. 

•fbSrssfts -5 i-cu . mmmtkx%> < <wn&& 

T. Sjfi'Cii. 340MP a y,±c7>5l§I5S§^*-r4ft5i.^ 

^ti, mmmtmim^mm^mm^ixx i^, ;^xh 
Tv^inxfiu^Effnoo —200 *c<?3Siafts*-& 

±^mmmnmim (bhd sEAfiaitsK-cv^. 

[0003] tr^T". icoi 3 t»«#^.g^$ii 
**fflsT-r S £ t Uffi ft (^n-T. 4 Kffi&^M 

1 4 i fc 4- Vf&tb i k #^i4 § iiT v %4 . icoi 3 * 
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[0004]4ft, ^t-*fWu&WflEfc$itfWWfc 

Six**:, aJtffcruxjSJBflL ffljtT^t'iOjtiSxs 

I -r > h tc ZnxmWOi t h t v * a MB*** -5ft. £ 
ft, Iitfl$tA*-.y Mf^i:'T'ti^^iX-g>77> > ; 

$s-ca*o ftKf/jjcE^j r ?> & »&-c*>:n«r . <r <o i a * ff 

[00 0 5] U^L***^ (BRtfttrvTVSftTS* 

fltLt ixT v % & , «l£ic§9t-f 4 ; fc 

tf.I*Wfc:efflrCi6 0 > 4 ft LTfE-T vymZ'&h 
i 4: U * fc n o fclflHrt** -5 ft , 
[0006] 4ft. #I§BS56-139619 

y ^Wffi V ^ t jpft h iiX t-3 f) ,4ft, #HBS62-2S4 
0lfr*&«fc:ti. nd//<ioo > (BESEHisHIS-lilCtt* 

«WaaTTtt±H' BBS arfroTl). ffi^z ^^WK^ffe 
M*fr^aiEft;(co^Tii4ft"J; <*Pfe*iT^4»T, ffic 

■v >-^«n«sr5efeL xmm-t& z timmx-fohcott 

[00 07] 4ft, Si^rif^)^A3aiSS:SSteLTND//< 
100 >&-&^£|^*1i-*;^i,#;i£>*i4#t. Si& 
if co-^Atg* fr tasjn-f £ oft#> , Jnitti^ft L 

»tt ( 3Ett-c3o«ja± ) t mmit t &m&$ l 

[00 08] sfirft, iffiJ^-Aft'f hffitf"l>, ft 
tf£L¥B9R&b LTJi. biiSk&l) » 

[00 0 9] 

[l|Bj3b i 'JB^L J;9>:-ri.MM] flfcSEOKff 



xmmmm&m±x & xcrymmxmxmt&mwm 

[0 0 10] 

[fiSSrM^-r^ft*6^¥S] *l£f#i^}i:, iilSLft 
l«M*sR£t-4ft^, itMtt. «W*tf-3fc. MS 
*, 3ftKS:««L. /j^BHtt^JftftSfi7x7 

it. S^iC. Ar 3 S0Bja— (Ar 3 Ml£-100 XZ) 

it^aiiLft, 

[ooin 4t\ *»a^ji<^Tofta»!«eiiMfia 

Sr^-f^o 0.05wt%C -0.01wt%Si -1.2wt %Mn-0. 
05wt%Al-0.002wt %N-0.5wt %Cr-0.0003wt%'Bffl 

jst^swar, mmmx-nooxizMBL , wj±mL, £ 

L>{Ztt±if SUt LX , 3-^xX'^:ET^40 , 50 , 60% 
Offiffi t L < ii 5 M°.xf-^:jET^50%c r )i±ffi^650 -95 

0 TOMITItV ', ■o^Tft±{fJBE^Tf*> 30°C/s 

£Lke>&mamx'm5o *c£xm<$L, mosec mm§ 

<rxr>%* 30T;/sm±^^Siai.K"C"^S]L, ^450 tta 
-fiW:*8nO. Lft. Sr*j, tt±(fCT^i± 

oft, 4ft. #./<X£0ffiT»i. &£.Tmo%<7)tgi&l3. 
20-15-10%. ^JST^50%^*§^rii30-20-10%„ #JBET 
^60%c?)^-&{±30-30-15%. ££ET¥50% ( 5^X) <n 
*l#iil5-15-15-10-10%, fctft, ^©IMCiO, C 

ft„ 

[0012] #^^ift^5EStoUT. SfKWj^4±^S 

(Mytas : as (2o^o ) izx To^y^mzMfei 

ft, ^>-^Eii. <K(1) ^ 

E = ( E 0 +2E 4 , + E 90 ) /4 ( 1 ) 

ftftU E 0 , E 46 . E 9Q {±^ix^Tlffi^rfl, JEffiS" 

ftic45* , jE@^r^]t;90^ e>-jj&i0yryjH* (GPa ) . 

TSIfi $ fx 5 T*D<7)^ > ^S: ffl V i-C V ^4 . -e OJSS 

01 fc^T. 

[0013lilH, Ar 3 »irOT&4 L< JiAr 3 
(Ar 3 3SSi^-100 -C) OiBSJ6H-C50%UJLh 
coJET^xmrniSfct %>Zblz£ 0. -V > ? ^ E 

V>T^J5)t$ixftt)«0-C'35?>. 
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[0014] *%Wi±, 7x5^ r-ffi<r«ffl 

b L s ft 2 ffi t Uvn/fy+N h jfflfsp-e 5 °„W 
±*^. ( i ) & 

E= { E 0 +2E 45 +E 36 ) /'4 ( 1 ) 

(fcrtfU E 0 , E 45 , E 9l *4^n*h.EIE*rti, IBS 
S-[filtC45* . S®^ftBltC90 J <7)^r[fl]i7^>'^ (GPa 

YR= (YS 0 +2YS 45 +YS 9 

(fcftfU YS 0 , YS 45 , Y^oti^il^ffffi^. JEffi 
^"[6]tC45- , fflfefrfflKW ^fa^fftfcfj (MPa ) 
T\ TS 0 , TS 45 , TSsoliffimffiStl*), IBE^C 
45' , !±mfimz%° co^T|tfj«§|S|SSS (MPa ) r* 

[00 1511^ *«WTI±, S*%T\ C : 0.03- 
0.20%, Si : 0.005 —1.5 %, Mi : 0.05—3.5 %, P : 

0. 005 —0.15%. S : 0.02%JilT, Al : 0.005 —0.2 

%, n : 0.020 %ot£-^. mMfetixv^mmm^ 

2ffit Ltv^fyf^ h ffl £®ft*T' 5 %ULb&1r? 

U fr*?WM ( 1 ) sST^Six&Ej^ZOOG 
Pa^TT* 0 , 7°PXfi5c^tO^|E^* i 3S0MPay.±, 
iiUMttWUt ( B Hi) ^30MPa J2Lh"Cftft i fc 

BflT-14, SF4>fcWE ( 2 > ^TSa^n^YR^O.T OT 

1. T , £ t> tz , Nb , Ti , VO 5 & jgfijh.it 1 ffi4 £ 
li2«£Ui£-&frT0.005 -0.20%, ifciiCu, Ni, C 
r, MbOd^K ISfi'tLTt l«*fc(i28Elh££frT' 
0.005 —1.0 %, fe&l^liNb. Ti, V<7) d *>*^jg(m 

1 « 4 £t4 2 StLhSr^-H-TO. 005 -0. 20%& J: IfC 
u, Ni , Cr, MofO 3 b&Ktltl 1 St fcii 2S£Lh 
tr-S-if-TO.005 —1.0 %, *r#^TLTt> 4*A-, 4^, * 
W9TCI4, mrlB*lB£tJnx.T, S^tZB : 0.0005—0.00 
5 9tfSr£3rL"CiJ:V\ 

[00 1 6] i-l-C. t>f$E, E 0 , E 45 , 

E 9 ,li^l , CO«i:-f4. MS til. Q—WCZMffi 
U ^y ^CD'fflJfLM&b LTJ4, 10-25W*?5ST* 
6. 4 Jfc, *?|BFJ}4, fi».%T, C : 0.03-0.20.%, S 
i : 0.005 —1.5 %, Mn : 0-05—3.5 %, P : 0.005 — 
0.15%, S : 0.02%tlT, AI : 0.005 —0.2 %, N : ' 

020 %&T£&jpt&®.fc<Dmmm^ Ar s sa&ft- 

%m±, ftH^°XfOj±T^^'15%iy.T-C", j&ofthifE 
£fi£#* (Ar 3 SeiRjft-100 °C) PJJtb L, ^JRaUK** 

600 ■ceiTfc , t*jftiB£EJiitirri t 

ButE^RfliBEsr, Ar 8 SaBA£JrFC^). H.f^*£|S§K 
■> ^<7)£TW30%/V ^£IT , 5 .> <*ja 

-ht^ijsftnaeaEfc^iWjfiu-k. 4^, *»qrr 

(4, mBfijRtlnzT. $fei:ii%t. Nb, Ti, v<?> 
a fe*»6»f*ut 1 HifcHt 28ELfc££ttT0.005 - 



) ) T^SSiXS-V^^EAQOOGPaWTTJbO, 7° 
(BHD #30MPa W±T'fc & i 1 t SKSffi 

a < 2 ) as 

) / (TS 0 +2TS 45 +TSg 0 ) ••• (2) 

0. 20%^/2(4Cu, Ni, Cr, MofiOfi *>^^M(4'il^ 1S^ 
feti2«ULhfc-S«-n).005 -i.O %, J>SU(iNb, T 

1 , v<7)o-hfre> mifiltz l « i Jt 14 2 WtLh ^ ^H-T" 

0. 005 — 0.20%fe±t/Cu, Ni, Cr, Mo£7)d *>3&»^>jHtfii 
fciaifcli2«BLhSr#fh'C0.005 -1.0 %, £#1r 
LT4.4V*. 4fc, *%agT-i4, flflBiariEtJniTs § 
(bCB : 0.0005—0.005 LT & 

[0017] 4fc, *|gE»4, fifi%T", C : 0,03-0 
20%, Si : 0.005 —1.5 %, Mn : 0.05—3.5 %, ^ 0. 
005 —0.15%, S : 0.02%i^T, Al : 0.005 —0.2 %, 

n : 0.020 %aT£&3i~tum<nMmmz^ Ar^m 

^— (Ar 3 S3B^-lOO °C) tfOaS^*EHtfe}tl»J±T^ 
**50?tffeLh, Sill-'^X<JOi±T** i '15%0.TT-, *^>th± 
{rlB£jSJg*t ( Ar 8 SaiR»jS-l(» *C) &±b L , ^JR'S 
JS&6*600 VMTti-&?mJ±mMLtzCDib., mm 

r 3 tS*t]TtO, ^ a:!^ < ' «<DffT^30% 
./V UOT - JBffi^ ^ St*' 5 /UtU: * § ISHH^ > 
t6«WF4U\ 4/2, *^t"{4, ButefflmecSD^. 
T, §fe(cfii%T\ Nb, Ti, vcoo %frt>m,£ii:t: .1 
«4fct42SKLhS:-&S-T0.005 — 0.20%4/2(4Cu, N 

1, Cr, Mor^p^3&»^aHr*UtlSi4fc«2lifiLh*-& 
ifT-0.005 —1.0 %. fc^V^iNb, Ti, VO o i8 
Utttz ia4fc(42afeLh*-#ffmO05 -0.20%fc' «t 
t/Cu, Ni, Cr, Mo^^^^^;i{fil7^1ffl47 F 2{4 2aiy 
±SrMt?'0.005 -1.0 .%, ^*LTti<, 
flfflEffifiit43iD^T, £<3tCB : 0.0005- 0.005 %Sr#^T 
L-Tt4vn 

[0 0 1 83 *SWJfc:i3irvtli, SfelSJEESiS^tta'ft - 
it?:ifetTt4v%>rh{4wa4T't>^:V\ 4?t, 

■Ti i:(4, ^^^^fflt^fi^d €«T'i4^t v 
[00193 

tr. »It4 SySffiSQ£^&fc*<Z>^S£ii3fi 

ffi$n^^M*tttJBK, z^izftMimmmmfmim 
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[00 20] *ffl?OMfttt. «flfcftlXtt£JHi$-£ 

OfflSl £ k 1" ft k , # Ic ffiT-T & fz 
*>. TUXJ«x# ? *$<ffiTi-ft. *$feHJ3«0iH*t(d:. 

tf . s n^«c7)if jn k 1 1, izm 2 m<?yemftw±i& < ft 
-rft. i2fflfcLt, v^f>-f^ f-a*«tai li> 

[ 0 0 2 1 ] ifc, ^H^iPIMiJ:. 8: ( 1 ) sS 

YR= (YS 0 4- 2YS 45 +YS 9 
<fc**U VS 0 . YS 45 . YSgoii-rix-r^E^tB], E3£ 
^J|6lt45° . EEM^fttCSKT CD^faO^ftjETJ (MPa ) 

t\ ts 0 s ts 45 , TS9 0 l±*;h.*ixffiSKri*k BESEfrUFfc 
h« ) x-mkzti&wm.i tiTsw^-iifc^iL 

[00 24] YR*f0.7 MTk ^ft i t K J: *) . JBttttft 
ttfrfi: Gib 4: Lt, X^cWhtigmfrk* < 25«2ilft 

fcv^»S3b**&. aarfl£<-r4t=«±, MK<omBUi 

£7xiM h#fflfc. 3lIE*^v;lf~>-+M h£S3 2ffi 
5 £tf> . ffiffl E W KM LYB* 1 iQERiart k ft ft J; 5 9W 

j±®i±t* £ us-? ft -r t tm ± l v \ *wmmm. 

U . 71/^ «3lSft(?5BHX*?* £3S0MPafcLk fc * ft PtfftG 

7j£*-fft. ;:c. jtf^m k ii-SWS M^stf 

10%yji k ft ft jDXSr wo . SBttS&EfcG 1 * t ft 4 T<7)3» 
tBSRx^l^-li (»tWBA) V(2E>T**ixft„ £ 
coi k . SMMBgOX*;^-*;*;* < 

t±, ESris<-rft-/ J \ ruxrtaBttoi*ftjE*tw«)S 
±t a^ft c 1 1 J: o , rv^mm±x 

xm-C'g ft ft fflf Wtf>* W C J; ft ffitt&g £ Gfrih^- ft £ 
k^'r^ft. 3 iftWMRfc LTflfflS*ut«^ 

at ft tzmizmm^Mmz . 4<&±mm lx t, -5-0 
1 0 0 2 5 ] ruArtaea. -r**>^>. io%iyji 

H) Sr*L , BHS: 30MPa lyji^SJEHttSr^-rft. 
Tf^lT-f h*><5>^ftmtiffl^i:-rftCki:, HigC\ N 



E = (E 0 +2E45 + E30 ) /4 ( 1 .) 

^"[*]^45° , J±S£^"[nliC90" ^tSl^-V^ ^"^ (GPa 
) ) T'^$ilftE*iM^T200GPaKlT-C'$>ft„ 

•b tt « . 10-25C*^f mx- h ft . 

[0022] ■rvrmwtf&itir { 1 ) ztx-mmzix 

ft E *«200GP&* )S z: ft , atTSSTiTCllBi tytvtt 
•WitaMSSBtftiOl'f- ft 3 1 ^fflllk ^ 0 , SPWl: 
S1HE»fr*t.*. Eli#4 L<{±180GPatUTT 

sWIfcT t . S# k L T cORSiSIEH*^* 4 ft . 
[0023] 4fc, 4:|MSoMfiU. ?Jc ( 2 ) S 
) / (TS 0 +2TS 46 +TS 90 ) ■■■ ( 2 ) 

ft, ^rfe, IRtc, 10% t X'<vm&taz. $>ti%\, ^tti>*$> 

->x i> n t < mstoxs&Bitfma? & t-ib . ng ^^gEis 

[0026] ore ±iaL^#14**-tft«i«^M 

mmz^xmm-t^. 

C : 0.03—0.20% 

C SjW) . 03%*iSt-{4 . g K t -f " ft '7 x y i 1- k -vArf- 

tzmmeomwmm*m%.L^\ c»*>'o.2o%^ 

fli.4fc. Adfy higfitt. Ett*^ftk. mm&£ 
-ft^-ft, i<Oftft. CliO. 03-0. mtcRSUfc. 4r 

iiO.05— 0.15%T3ift. 
[ 0 0 2 7 ] Si : 0.005 —1.5 % 

si fi . im(m&fcT&m>hmizwz. xmm *m<tt ft 
jt46t;#s&^7n^T'abft, z\<?mmto.m %vik<r>m 

JllTBA4»*i*. L*>L. 1.5 %^SxftfsMi. *1S 
DrafSti-ft. dfiO^*'?. SiiiO.005 —1.5 %<7)i6HtC 

h<ntm± L<, ±k LTSiStf jntJ; 9ffttlKft&ji 
tfW«fe»trlil.2 %l:A±k^-ft^/jU Lv^ 
[ 0 0 28 ] Mn : 0.05—3.5 % 

m&rMMikii X U°&iM&m®M<7>mf&lz^m i & ft . 
c\<7>£ d^«ti0.05%l,l£^JOT12W)^nft* 5 , 3. 
5 %£M;iT»f ft t Ar 3 a3Bj&WS< Oi"^ $ 

tfiE 3©ffa«ois^o Jt*ft> 7x70 mx'coi±&tmm 

fc^ft, iiO/c^, Mn(i0.05— 3.5 %fc:R£Lfc. ft 
fe. SE1tO«TS:ffc'MKkL» 5SS^7^Xfigff^j^ 
KffiTJ **380MPaJiLL k ft ft k f ft fc«> . i^7x 

hfcV^r-^-^ b^^ftftiS^^k-tft^t; 
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lis Mn{40.5 %l:).±.. »4L<S4 O.B%EU3mt&co 
[0 0 2 9] P : 0.005 -0.15% 
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